Theoretical and experimental evidence of light driven structuring of glasses is presented. We show that light overcomes Coulomb repulsion and effective electron-electron interaction in glasses under strong light pumping becomes attractive. As the result homogenious distribution of trapped electrons gets unstable and macroscopic electron bunches are grown. At different conditions ordered structures with period 2µm ± 0.2µm determined by internal properties of the material are formed These structures were observed in ablation: surface profile after laser treatment reveals ordered pattern corresponding to the light induced electron domains.
INTRODUCTION
Direct and obvious method of light driven structuring is the using of a special light field configuration. Generation of the light intensity grating and corresponding grating of excitations are widely discussed. More interesting and physically rich is structuring due to light driven self-organization. This ordering belongs to the class of self-organization phenomena in open dissipative systems and it is presented here. The typical examples of this class are Benard convection [1] , Belousov-Zhabotinsky reactions [2] and Turing instability [3] . All self-organization phenomena are driven by some external flow through the system: heat in Benard convection, chemical reagents in Belousov-Zhabotinsky reactions, etc. Optical analogue of Turing instability was presented in [4] . In the latter case light amplitude has been modulated in time and space, which was crucial for the organization to occur. Our investigations(see [5] , [6] , [7] and references therein) have shown that steady light flow through a system can provide ordering either. This light is a driving force which bunches the electrons in the case in hand. An electron in disordered media (we shall call them "glasses") moves in random potential forming its energy spectrum. It consists of the extended electron and hole bands separated by the "gap" filled by the local states. We shall discuss here the case when photon energy is less than the gap in glass and light generates transitions between local states only. Transitions between different traps are of a spacial interest. They are responsible for the light induced current and the structuring of the matter discussed. The electron transfer from an initial trap i to the final trap f may be treated as generation of electron and hole at sites f and i respectively. Strong Coulomb electron-hole interaction is changed considerably with the shift of the distance between traps f and i therefore strong electron-phonon coupling takes place. Light absorption in the case of strong electron-phonon interaction is well studied. The rate w f i of the electron transition between sites i and f is given by the formula [8] 
where I is photon flux,hω is photon energy, ǫ f i = ǫ f − ǫ i is the energy of the electron excitation (difference between electron energies ǫ f in trap f and ǫ i in trap i ); R fi = R f −R i ;
where vectors R f and R i points positions of the traps; θ f i is the angle between R f i and the light polarization vector, σ 0 ≈ 10 −18 cm 2 , ∆ ≈ 10
is the Stokes shift. The light driven electron transitions in hand are accompanied by phonon generation. Phonons are excluded from the formula (1) therefore exact energy conservation lawhω = ǫ f i +hΩ (hΩ is phonon energy) looks like conservation with the accuracy ∆ ≈hΩ:
according to (1) an electron may be transfered to different levels in the range of the band width ∆. Absorption band (1) as a function of ǫ f i gains maximum (resonance) at the energy M =hω − A. We shall call the excited states with the ǫ f i < M as low energy excitations (deep levels) and excited states with the ǫ f i > M as high energy ones.
LIGHT DRIVEN BUNCHING OF ELECTRONS
As a first step we shall examine light driven kinetics of a single electron in external electric field E . It is nontrivial: as we shall see electron is shifted by light predominantly in opposite to the electric force F = eE direction. The idea of such behavior is following. If vector of electron transfer is R = R f − R i then dipole moment generated is d = eR (e < 0 is electron Phonon assistance designates two peculiar features of our system: first, it is dissipative (not Hamiltonian); secondly, phonons brake phase relations for the electron wave functions therefore nondiagonal elements of the density matrix vanish and only probabilities of the site populations appear in consideration and they give full and correct description of the system. If the energy difference ǫ f i < 0 (electron loses energy), there are two channels to transit: first, it can undergo light-induced transition with the rate being described in a way analogous to (1) with the only change A to −A ( [8] ); second, it may relax to a lower energy state with the rate γ f i = γ 0 exp(−κ f i R f i ). So, for the electron transition process with the energy loss we have:
The factor γ 0 is of the order of the inverse lifetime for excited electron states in an atom, so that γ 0 ≈ 10 8 s −1 . Light driven kinetics is governed by dimensionless pumping constant
. Wave function of trapped electron outside the trap i is Ψ i (R) ∝ e −κ i |R−R i | , where
, m is the electron mass, V is spacing of bottom of trapped levels from the bottom of the extended states. Normal scale for this parameter is
Wave function of deep levels vanishes rapidly outside the trap while shallow levels have long tails of wave functions. Their overlap is determined by the slowest function, therefore
In the frame of the (1), (2) master rules we studied light driven motion of two electrons and calculated their density-density correlation function
where R = |R i − R j |) and n are the occupation numbers of the corresponding traps, t is time. We normalize the correlation function by the factor R d−1 , where d is dimensionality of the system. This normalization avails to see the interaction effect: if the electrons were not interacting, one would have K(R) ≡ const for the noncorrelated case. The typical K(R) for three dimensions is shown in Fig. 1 .
The bar chart displays the probability of different electron-electron ranges. Electron traps were randomly distributed in space and single electron level ǫ the second electron to the energy of Coulomb interaction (and vice versa)
The parameters used for calculation are: average trap distance a = 5Å, κ 0 = 1/a,hω = results in narrowing and vanishing of the peak in K(R). At lower µ the peak in K(R)
vanishes also (see for the details [6] ).
Electron motion reveals competition between ordinary mobility in the direction of the electric force eE given by relaxation term ∝ γ 0 in (2) and light driven electron transfer in opposite direction. At long distance between the electrons the light induced transitions dominate and an electron is pushed to the other electron: light overcomes Coulomb repulsion (!). This motion is stopped at short distances where Coulomb repulsion dominates: electrons do not penetrate to short distance where correlation function tends to zero (Fig. 1) . Electric field at this distance is E = e/R 2 = 10 7 V /cm and this is an estimation for the effective electric field caused by light induced electron transfer. This field is close to the damage field 3 * 10 7 V /cm. As the result of the competition bound state of two electrons is formed with some preferable distance between particles. Effective attraction between electrons results in light driven electron bunching. We examined behavior of few electrons or even 10 ÷ 100 electrons and found quite similar peculiarities. Energy shift of the initial levels for hopping electron is analogous to (4) but is given by all other electrons:
We studied temporal change of the average size of the electron cloud R motion which is impossible in thermodynamic case: the system tends to the state with higher energy (Fig. 3) . Bunch formation is accompanied by strong increase of the electric field at the boundary of the bunch. The formation is stopped by this field when it gains the value ≈ 10 7 V /cm. It is convenient to introduce ground state and electron-hole presentation for the investigation of many body system in glass. Glass never attain full thermodynamic equilibrium but partial equilibrium is possible and one may consider that at ground state all electron levels bellow some energy ǫ F are occupied and states above this level are empty.
Energy shift of a level is determined in this case by the contribution of all electrons and holes available. Contribution to the energy of the first excited electron is given by its "own" hole only
where j is position of the hole. Calculation of light induced polarization have shown that it is directed in opposite to an external field direction (Fig. 4) and therefore amplifies this field.
The studied three dimensional many body system with long range Coulomb interaction reveals self-organization effect even at weak pumping µ ≪ 1. We examined behavior of many body system of different size for one-, two-and three-dimensional samples. In main features it is the same for all dimensions. The corresponding model is presented in details in [5] , [6] , [7] . Computer simulation of the electron kinetics in the finite sample under external 
EXPERIMENTAL
We performed special experiment in order to observe directly the discussed bunching.
Strong laser wave with photon energyhω ≈ 7eV was used. Band gap in our glass ǫ g ≈ 8eV
and therefore direct generation of free electrons and holes is impossible. However in the region of strong electric field due to Franz-Keldysh effect [9] , [10] this process becomes effective. Energy discrepancy δǫ between the glass gap and photon energy is gained from the static electric field in process of electron tunneling (the corresponding estimation see in [6] ). So, domain boundaries due to strong electric field become a weak chain in glass bonds and light driven bond breaking (local fusion) reveals bunch structure of the self-organized stimulation of the process (such as plasma generation in the vicinity of a sample or specific UV absorbing medium [11] ). Analogous behavior was observed in [12] where surface structuring took place at the SiO 2 − Si interface and was explained in another way as interface property.
CONCLUSIONS
Our theoretical and experimental study of light driven electron kinetics in silica glass have
shown that homogeneous distribution of the trapped electrons becomes unstable under light pumping and macroscopic electron (hole) bunches are formed. In wide region of the external parameters light pushes electrons into micron size coagulums which we observed in ablation In addition the energy discrepancy δǫ is increased therefore probability of Franz-Keldysh tunneling becomes negligable. We observed also red luminescence of the glass sample under UV pumping recently reported in number of papers (see [11] and cited
